RESEARCH ARTICLE InTRoduCTIon
The family Nectriaceae includes about 20 genera of which two major genera were monographed by Hirooka et al. (2012) in a comprehensive and voluminous work. One of the generic names revived in that work is Pleonectria Sacc. (1876) . The genus Thyronectria Sacc. (1875) , based on T. patavina Sacc., is older and has therefore priority over Pleonectria. As described by Saccardo (1875a: 21) , the generic name refers to superficial similarities of the immersed stromata and muriform ascospores to the genus Thyridium, whereas the nectriaceous perithecial context and the hyaline ascospores being similar to Nectria or Calonectria. Seeler (1940) monographed this genus, which he characterised by light-coloured perithecia immersed in or superficial on erumpent stromata, often clothed with yellowish or greenish scales or powder, with eventually 'evanescent pseudoparaphyses' and hyaline, yellowish, green or brown, muriform ascospores that may form conidia by budding in the ascus. He determined the asexual morphs to belong to Gyrostroma, Dendrodochium and Stilbella. Hamathecial elements in the Hypocreales have been determined to be restricted to periphyses and apical paraphyses, while true paraphyses, i.e. sterile filaments emerging from the subhymenium between asci, are not known in the Hypocreales. Apical paraphyses develop in a cushion at the top of the perithecium and grow downward to the bottom of the perithecial cavity, forming a compact palisade or appearing like a pseudoparenchyma. After growth of asci into this palisade, the apical paraphyses become disintegrated and are not present between mature asci (Hanlin 1961 (Hanlin , 1971 . Zhang et al. (2006) used the absence of true paraphyses as a typical character of the subclass Hypocreomycetidae of the Sordariomycetes. When Rossman et al. (1999) detected paraphyses in the holotype of T. patavina, they concluded that Thyronectria was not available for muriform-spored nectriaceous species, and they referred the genus Thyronectria to the Thyridiaceae. They placed other species regarded as Thyronectria by Seeler (1940) in the genus Nectria. Rossman et al. (1999) relegated also Balzania Speg., Mattirolia Berl. & Bres. and Thyronectroidea Seaver to the Thyridiaceae. In a morphotaxonomic work, Checa et al. (2013) accepted the placement of the latter genera in the Thyridiaceae and recognised Balzania and Thyronectroidea as synonyms of Mattirolia.
The species classified by Rossman et al. (1999) in Nectria were revised by Hirooka et al. (2012) , who recognized three genera. The authors also determined that yellow scurf on ascomata or stromata is confined to Allantonectria Earle and Pleonectria and that two species with muriform ascospores included by Seeler (1940) in Thyronectria belong to Nectria s. str., namely N. antarctica and N. pseudotrichia . These latter species have sporodochial or synnematous asexual morphs, while Hirooka et al. (2012) characterised Pleonectria as having pycnidial asexual morphs, although this was not present in all species. Pleonectria now contains also species devoid of longitudinal septa in their ascospores, as had also been determined by using molecular phylogeny.
We have occasionally seen persistent filiform hamathecial threads in perithecial mounts of Pleonectria coryli, P. lamyi or P. pyrrhochlora, just as had been described for Thyronectria patavina. This is why we started to investigate those genera that were relegated to the Thyridiaceae by Rossman et al. (1999) such as Mattirolia. An important species in this context is Pleonectria pyrrhochlora, below recognised as Thyronectria rhodochlora, also considered an earlier name for T. patavina, which led us to conclude that Thyronectria is the correct genus for these species. Another important step in this work was the collection of Mattirolia roseovirens on its original host genus Laburnum in its original region. In conclusion we synonymise Mattirola, Pleonectria and Thyronectroidea with Thyronectria below.
MATERIALS And METHodS

Isolates and specimens
All isolates used in this study originated from ascospores or conidia of fresh specimens. Numbers of strains including NCBI GenBank accession numbers of gene sequences used to compute the phylogenetic trees are listed in Table 1 . Strain acronyms other than those of official culture collections (ATCC, CBS, MAFF) are used here primarily as strain identifiers throughout the work. Representative isolates have been deposited at the CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands (CBS). Details of the specimens used for morphological investigations are listed in the Taxonomy section under the respective descriptions. Herbarium acronyms are according to Thiers (2014) . Freshly collected specimens have been deposited in the Herbarium of the Institute of Botany, University of Vienna (WU).
Culture preparation, growth rate determination and phenotype analysis
Cultures were prepared and maintained as described previously (Jaklitsch 2009 ) except that CMD (CMA: Sigma, St Louis, Missouri; supplemented with 2 % (w/v) D(+)-glucose-monohydrate) or 2 % malt extract agar (MEA; 2 % w/v malt extract, 2 % w/v agar-agar; Merck, Darmstadt, Germany) was used as the isolation medium. Cultures used for the study of asexual morph micro-morphology were grown on CMD or 2 % MEA (or potato dextrose agar (PDA, 39 g /L; Merck, Darmstadt, Germany) where noted) at room temperature (RT), defined here as 22 ± 3 °C, or at 25 °C under alternating 12 h cool daylight and 12 h darkness. Sectioning with a freezing microtome was carried out after short rehydration and treatment with 3 % KOH at 8-12 µm as described previously Microscopic observations were generally made in de-ionised water or 3 % KOH, lactic acid or 50 % glycerol where noted. Morphological analyses of microscopic characters were carried out as described earlier (Jaklitsch 2009 ). Data were gathered using a Nikon Coolpix 4500 or a Nikon DS-U2 digital camera and measured by using the NIS-Elements D v. 3 .0 software. Methods of microscopy included stereomicroscopy using a Nikon SMZ 1500 and Nomarski differential interference contrast (DIC) using the compound microscope Nikon Eclipse E600. For certain images of stromata the stacking software Zerene Stacker v. 1.04 (Zerene Systems LLC, Richland, WA, USA) was used. Measurements are reported as maxima and minima in parentheses and the mean plus and minus the standard deviation of a number of measurements given in parentheses. The colour term rosy is used for a certain range of pinkish colours as exemplified by ascospores of T. rhodochlora (Fig. 4 ) and conidiation structures of T. roseovirens (Fig. 12h, i) .
DNA extraction and sequencing methods
The extraction of genomic DNA was performed as reported previously , Jaklitsch et al. 2012 ) using the DNeasy Plant Mini Kit (QIAgen GmbH, Hilden, Germany) or the modified CTAB method of Riethmüller et al. (2002) . Seven loci were amplified and sequenced of which six correspond to those included in Hirooka et al. (2012) : a c. 700 bp fragment of alpha-actin (act) with primers Tact1 and Tact2 (Samuels et al. 2006) ; the complete internally transcribed spacer region (ITS1-5.8S-ITS2) and a c. 900 bp fragment of the large subunit nuclear ribosomal DNA (nLSU rDNA), amplified and sequenced as a single fragment with primers V9G (de Hoog & Gerrits van den Ende 1998) and LR5 (Vilgalys & Hester 1990 ); a c. 700 bp fragment of the RNA polymerase II subunit 1 (rpb1) with primers crpb1a and rpb1c (Castlebury et al. 2004 ); a c. 1 .2 kb fragment of the RNA polymerase II subunit 2 (rpb2) with primers fRPB2-5f and fRPB2-7cr (Liu et al. 1999 ); a c. 1.3 kb fragment of the translation elongation factor 1-alpha (tef1) with primers EF1-728F (Carbone & Kohn 1999) and TEF1LLErev (Jaklitsch et al. 2005) ; and a c. 1 kb fragment of β-tubulin (tub) with primers Btub-T1 and Btub-T222 (O'Donnell & Cigelnik 1997) . PCR products were purified using an enzymatic PCR cleanup (Werle et al. 1994 ) as described in Voglmayr & Jaklitsch (2008) . DNA was cycle-sequenced using the ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit v. 3.1 (Applied Biosystems, Warrington, UK) with the same primers as in PCR and an automated DNA sequencer (3730xl Genetic Analyzer, Applied Biosystems); in addition, internal primers ITS4 (White et al. 1990 ) and LR3 (Vilgalys & Hester 1990) were used for sequencing the partial nuSSU-complete ITS -partial nuLSU rDNA region.
Analysis of sequence data
All alignments were produced with the server version of MAFFT (www.ebi.ac.uk/Tools/msa/mafft), checked and refined using BioEdit v. 7.0.4.1 (Hall 1999) . To investigate the phylogenetic relationships of 'Mattirolia' and Thyronectria to Thyridium and Nectriaceae, a multigene matrix comprising LSU, rpb1, rpb2 and tef1 sequences was produced and analysed. In addition to sequences obtained in the current study, representative GenBank sequences were selected from Hirooka et al. (2012) and Spatafora et al. (2006) . The resulting combined 4-gene sequence matrix contained 42 taxa and 4 178 alignment positions (825, 779, 1 129 and 1 445 characters from LSU, rpb1, rpb2 and tef1, respectively). According to Spatafora et al. (2006) , Diatrype disciformis and Xylaria hypoxylon (Xylariales, Xylariomycetidae) were selected as outgroup. Prior to phylogenetic analyses, the approach of Wiens (1998) was applied to test for significant levels of localised incongruence among the 4-gene partitions, using the level of bootstrap support (Sung et al. 2007) . For this, the 70 % maximum parsimony (MP) bootstrap consensus trees calculated for each individual partition, using the same parameters as for the combined analysis given below, were compared. No topological conflicts were observed between these bootstrap trees of the various genes, indicating the absence of significant incongruence and combinability of the four loci (Wiens 1998) .
For detailed investigation of phylogenetic relationships within Thyronectria, sequences of the six loci included in Hirooka et al. (2012) were downloaded from GenBank and combined with those generated during the present study; in addition, sequence data for the rpb2 were added when available. Nectria asiatica, N. cinnabarina, N. dematiosa and N. nigrescens were selected as outgroup. The resulting combined sequence matrix contained 6 150 alignment positions from seven genes (630 from act, 512 from ITS, 807 from LSU, 695 from rpb1, 1 187 from rpb2, 1 278 from tef1 and 1 041 from tub). Prior to phylogenetic analyses, the approach of Wiens (1998) was applied to test for significant levels of localised incongruence among the 7-gene partitions as described above. No topological conflicts were observed between the bootstrap trees of the various genes, indicating the absence of significant incongruence and combinability of the seven loci (Wiens 1998 Maximum parsimony (MP) analyses were performed with PAUP v. 4.0 b10 (Swofford 2002) , using 1 000 replicates of heuristic search with random addition of sequences and subsequent TBR branch swapping (MULTREES option in effect, steepest descent option not in effect). All molecular characters were unordered and given equal weight; analyses were performed with gaps treated as missing data. The COLLAPSE command was set to NO for the combined 4-gene and to MINBRLEN for the combined 7-gene matrix. Bootstrap analyses with 500 replicates were performed in the same way, but using five rounds of random sequence addition and subsequent branch swapping during each bootstrap replicate; in addition, each replicate was limited to 10 million rearrangements in the analyses of the combined 7-gene matrix.
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RESuLTS
Molecular phylogeny
Of the 4 178 characters included in the combined 4-gene matrix, 1 573 were parsimony informative (161 in LSU, 403 in rpb1, 524 in rpb2 and 485 in tef1). MP analyses revealed four MP trees with a score of 9 282, one of which is shown as Fig. 1 . The four MP trees differed in the nodes lacking MP bootstrap support (Fig. 1) ; i.e. the position of Thyronectria aurigera which is either sister to all other Thyronectria species or sister to the T. asturiensis /T. obscura /T. roseovirens clade, and in some topological differences within the residual Nectriaceae clade. Tree topologies of the Bayesian analyses were fully congruent with the MP tree. The three Bayesian runs revealed almost identical posterior probabilities. MP and ML bootstrap support above 50 % and Bayesian posterior probabilities above 90 % are given in Fig As shown in Fig. 1 , molecular data confirm the placement of Thyronectria and 'Mattirolia' (T. roseovirens) within Nectriaceae (Hypocreomycetidae), whereas Thyridium vestitum is placed as sister to Papulosaceae within Sordariomycetidae. Within Thyronectria, tree topologies agree well with Hirooka et al. (2012) except for slightly different positions of T. aurigera in the 7-gene tree and of T. lamyi and T. quercicola in both trees ( Fig. 1, 2 ).
Thyronectria roseovirens, the type species of Mattirolia, and the two newly described T. asturiensis and T. obscura form a highly supported clade at near basal ( Fig. 1 ) or basal ( Fig. 2 ) position within Thyronectria ( Fig. 1, 2) . The third new species, T. caudata, originally described as a variety of T. lamyi, is sister species of T. lamyi with maximum support in all analyses ( Fig. 1 , 2). Asexual morph on natural substrates -When present, effuse, conidial masses forming on white mycelium and conidiophores or pycnidial or both. Pycnidia occurring together with perithecia on the same hypostroma or separately, solitary or aggregated in groups, erumpent-superficial, subglobose to irregularly discoid to cupulate or elongate and erect, rosy, orange, red, violaceous brown to nearly black, KOH+ or KOH-. Sterile hyphae sometimes present inside the pycnidium. Conidiophores densely packed, simple, irregularly or verticillately branched; conidia formed on minute pegs or cylindrical to subulate phialides, conidial formation enteroblastic. Conidia hyaline, oblong, ellipsoid or (sub)allantoid, 1-celled.
Asexual morph in culture -Conidia formed on minute pegs produced on hyphae in the colony above the agar surface or, particularly on CMD, submerged in agar; conidia also formed on pegs and lageniform to ampulliform phialides produced on simple, unbranched or branched, sometimes verticillate conidiophores or formed in pycnidia on mostly lageniform to subulate phialides on densely aggregated, simple, asymmetrically or verticillately branched, often shrub-or fan-shaped conidiophores. Conidia oblong, ellipsoid, cylindrical or allantoid, hyaline, 0-(rarely 1-or 2-)septate, smooth.
Habitat -On dead corticated twigs or branches of woody plants and/or fungi colonizing them.
Distribution -Mostly north and south temperate, sometimes also found in subtropical regions of Asia, the Caribbean, Central and South America. Stromata immersed-erumpent from bark, at the sides usually surrounded by bark flaps, rarely superficial, stromatic tissue surrounding ascomata that are scattered or aggregated in groups of 2 -40(-80) individually, sometimes uniting them into compound pulvinate stromata 0. 7-5.3(-9.8 ) mm long (n = 29), (0.2-)0.3 -0.6(-0.8) mm high (n = 25), often with rosy to light or reddish brown sides; tissue consisting of loosely or densely interwoven, (2.0 -) 3.0 -5.5(-7.0 ) µm wide (n = 30) hyphae with walls to 1 µm thick, in places appearing more cellular, subhyaline to yellowish; covered by greenish yellow or light green scurf on the upper surface. Scurf amorphous, consisting of minute particles, turning brown in lactic acid. Ascomata subglobose, ellipsoid or cylindrical, (215 -)300 -500(-730) µm diam (n = 72) in surface view including stroma, in section (335 -)435 -620(-675) µm high, (175 -)225 -395(-505) µm diam (n = 21). Peridium orange-red, dark red, brown to nearly black when dry, (22-)30-47(-55) µm (n = 21) wide at the sides, consisting of a thin, up to 15 µm thick, inner layer of strongly compressed hyaline filiform cells and a pigmented outer layer of compressed, thick-walled cells (5.0 -) 5.5 -12.5(-21.0 5.5(-7.5 ) µm (n = 50), yellowish to dull orange-red in water, orange(-red) in KOH, lactic acid and 50 % glycerol, lighter and more yellow-brown at the top; cells around the ostiole small and more isodiametric; without a distinct pH-dependent colour change. Ostiolar region 65-190(-290) µm diam (n = 30), mostly obscure, usually concealed by the scurf, less commonly broad, black, smooth. Ostioles (120 -)128 -187(-213) µm long, at the apex (21-)48 -91(-105) µm wide inside and (72-) 105 -180(-250) µm outside (n = 21), filled with periphyses. Periphyses narrow, 0.5 -2.5 µm wide, pointed, short, 20-25 µm projecting into ostioles and slightly downwards. Apical paraphyses usually numerous, indistinct in KOH, embedded in a slime matrix when immature, descending from the top of the ascoma, richly branched and anastomosing, mostly 1.5-4.5 µm wide, free ends between ascus bases widened to 6 -8 µm, sometimes becoming submoniliform, distinctly longer and wider, clearly differentiated from periphyses. Asci oblong or clavate, (92-)101-129(-137) × (16-) 17-26(-31) µm (n = 30), with variable stipe and undifferentiated apex, containing 8 obliquely uniseriate or biseriate ascospores. Ascospores ellipsoid or oblong, straight or curved, (15 -)18 -25(-37) × (7-)9 -12(-16) µm, l/w = (1.4 -) 1.8 -2.4(-3. 3) (n = 419), muriform, with (3-)5-7(-9-10) transverse and (1-)2(-3-4) longitudinal, less commonly oblique septa, hyaline and often more oblong when immature, turning yellowish to rosy or pale brownish at full maturity, smooth, sometimes budding when overmature; ascoconidia 1-celled, hyaline, oblong to mostly allantoid, (3.5-) 4.2-5.5(-6.0 ) × (0.9-)1.1-1.4(-1.5) µm, l/w = (3.0-) 3.5-4.3(-4.7) (n = 25).
Asexual morph on natural substrates -None seen.
Cultures and asexual morph -Germination of ascospores with conidia and/or hyphae; growth slow, on MEA slightly better than on CMD and PDA, on CMD at 25 °C after 10 d colony radius e.g. 27 mm, on CMD and MEA centrally inoculated plate entirely covered after 2 -4 wk at 20 -25 °C, colony circular, dense, colourless to yellowish or dull brownish, surface turning rosy from the centre due to conidial masses, sometimes surface after c. 1 mo covered by yellow 'scurf' of aerial hyphae, odour indistinct to yeast-like. Conidiation effuse; conidia formed on CMD at 25 °C within 24 h on minute pegs on hyphae in the colony or on solitary, rarely paired phialides on short, more or less erect, simple or loosely branched, narrow conidiophores. Phialides lageniform to ampulliform, (4.3-)4. 5-7.7(-11.2 ) × (2.3-)2. 5-3.5(-4. 2) µm, l/w = (1.5 -) 1.6 -2.6(-3. 3) (n = 22), more or less straight, mostly inequilateral. Conidia oblong to suballantoid, 1-celled, (3.8-)4.3-7.8(-14.2 3.2-4.3(-5.0 ) (n = 163), when swollen sometimes with 1-2 thin septa, smooth. Pycnidia sometimes formed in culture, e.g. in NP7 on MEA after 1 mo at RT and a further 1 mo at 15 °C. Pycnidia 0.4-0.8(-1.4) mm diam, subglobose to globose, often on a short broad stipe, solitary or in dense clusters up to 2.5 mm diam, first white, turning pale to greenish yellow, contents hyaline, with a rosy shine. Peridium pseudoparenchymatous, of cells (3.5 -)4.0 -7.5(-10) µm diam (n = 30) with walls to c. 1 µm thick, yellow, not changing in 3 % KOH. Conidiophores densely packed, parallel and simple or short shrub-or fan-shaped, often dichotomously branched, hyaline, filiform, 1.5-3 µm wide, cells sometimes thickened to 6 µm. Phialides solitary or in small clusters of 2-3, subulate, (9.0-)10.2-13.2(-14.3) × (1.5-)1.7-2.2(-2.5) µm, l/w = (4.4-) 5.4 -7.0(-7.5 ) (n = 30). Conidia oblong to mostly allantoid, (3.2 -) 
2) (n = 30), 1-celled, hyaline, smooth, eguttulate, oozing out from the pycnidial apex in mucous masses.
Habitat -On fungi, typically Diplodia spp. colonising dead corticated branches or twigs, mainly of Acer campestre, but also found on Acer opalus, Corylus avellana, Koelreuteria paniculata, Prunus tenella, Robinia pseudoacacia, Salix caprea and Ulmus minor ; also recorded from Cydonia oblonga and Vitis vinifera (Seeler 1940) .
Distribution -Europe (Austria, Czech Republic, France, Germany, Italy).
Other material studied (all on dead corticated twigs on the ground or attached to the trees). austrIa, Burgenland, Breitenbrunn, Tenauriegel, on Ulmus minor (part a), Corylus avellana (part b) and Acer campestre (part c), on/soc. Diplodia sp., 22 Mar. 2014, H. Voglmayr & I. Greilhuber of these species are embedded in stromatic tissue. Thyronectria rhodochlora differs from the other species by the width of mature ascospores averaging > 9 μm and mostly two longitudinal septa and by the absence of pycnidia. Here we report the formation of pycnidia in cultures of this species for the first time, i.e. this character is shared among the three species. Initially, ascospores of T. rhodochlora are hyaline and tend to be oblong, often curved and mostly < 10 µm wide. When fully mature, they are rosy or yellowish with a rosy tint in water, KOH and lactic acid, and this colour is characteristic for T. rhodochlora and its closest relatives, T. virens and T. zanthoxyli. No greenish colour has been seen in ascospores of any of the numerous specimens examined. Ascospores have commonly 5 -7 transverse septa, but, as also shown by Saccardo (1877), a small fraction may form up to 9, rarely 10 septa. We have seen this septation consistently in fresh material of several specimens, but also in type material of P. mutabilis, T. rhodochlora and T. patavina. Thyronectria rhodochlora (formerly Pleonectria pyrrhochlora) has been thought to specifically occur on Acer campestre, but as can be seen from the list above, we have collected this species also on other trees, in association with or directly on Diplodia spp. or other fungi.
In the lecto-and isolectotype specimens of T. rhodo chlora stromata are superficial on wood and partly covered by bark fibres; lower free sides of the perithecia are light to reddish brown, turning slightly more orange-red in 3 % KOH; the ostiolar area is large, convex or flattened, black, or scarcely visible and diffusely delimited due to the scurf. The apical paraphyses are numerous, the asci mostly oblong, with ascospores that are hyaline, yellowish to pale rosy, ellipsoid or oblong, partly curved, with (4 -)6-7(-9) transverse and (1-)2 longitudinal septa, smooth, and not budding. Based on xylotomy and bark structure, the host is clearly a species of Acer, either A. campestre or A. platanoides.
The holotype specimen of T. patavina in PAD consists of several, partly corticated twig fragments. As already reported by Rossman et al. (1999) , only little material of the described fungus remains; on two small fragments there are some scattered perithecia and one small stroma, consisting of densely aggregated, minute perithecia with yellow-green scurf. We studied a perithecial section: The perithecial wall is dull orange-red to nearly black when dry; numerous branched, 2 -4 µm wide apical paraphyses are present. The asci are oblong-fusoid, with a short stipe, without a differentiated apex, each containing 8 uni-to biseriate ascospores. Ascospores are oblong to ellipsoid, also slightly inequilateral or curved, (14 -) Rossman et al. (1999) studied another part of the type. They reported that the material was scant, that it contained black stromata covered by yellow-green powder, with yellowish ascomata aggregated in the stroma and included persistent paraphyses in a gelatinous matrix. The ascospores were described as hyaline, irregularly muriform, 16.5 -30 × 6.8 -8 µm with 5 -11 and 1-3 vertical septa in clavate asci. In the material that we examined ascospores had 5-7, only rarely 9 transverse septa, as is typical for T. rhodochlora. In the original description Saccardo (1875b) gives ascospores as 25 × 9 -11 µm, rarely 30 × 8 µm, with 7-9 transverse septa, which fits T. rhodochlora. Notes -This species seems to be confined to Ilex aquifolium in Western Europe. The strain cited above is included in our phylogenetic analyses. Jaklitsch & Voglmayr, Fig. 6 Etymology. Referring to its occurrence in Asturias, Spain. a pigmented outer layer of thick-walled (0. 5-20.7(-22.0 ) × (6.3-) 7.3-8.7(-9. 3) µm, l/w = (1.6-)2.0-2.7(-3.0) (n = 40), straight or often curved, muriform, with (3-)5 transverse distosepta and 1 longitudinal or oblique distoseptum, first hyaline, turning green and finally dark brown when mature, with a large guttule per cell, ends broadly rounded, no sheath, not budding.
Thyronectria asturiensis
Cultures -Growth slow, on CMD colony radius < 5 mm after 7 d, 18 mm after 21 d, colony flat, lacking aerial hyphae, whitish to yellow, centre turning rosy due to conidial masses; colony radius on MEA at 20 °C, 2 -3 mm after 6 d, 14 mm after 14 d; colony flat, dense, whitish to orange, margin whitish due to strands of aerial hyphae, central conidial masses mucous, hardening with time, yellow to carrot; odour unpleasant to fruity. Conidiophores emerging as fasciculate side branches on strands of parallel hyaline aerial hyphae, short, 1.8 -5.2 µm wide, simple, scarcely branched, with few verticils of 2 -3 branches. Phialides (4.5 -)6.0 -9.0(-10.8) × (2.0 -)2.5 -3.2(-3.5) µm, l/w = (1.8-)2.1-3.4(-4.1) (n = 40), solitary or in whorls of 2-4, lageniform, straight, curved or sigmoid, mostly inequilateral; conidia also forming on small pegs. Conidia (after 6 -14 d at 20 °C on MEA and CMD) cylindrical, (3.0 -)4.0 - 6.3(-8.2 ) × (1.3-)1.5-2.0(-2.7) µm, l/w = (1.9-)2.4- 3.3(-4.4 ) (n = 120), sometimes swollen toward one end, 1-celled, smooth, straight, scarcely curved, mostly eguttulate; scar indistinct to truncate.
Habitat -On dark subicular hyphae of a fungus on dead blackened wood of Quercus ilex.
Distribution -Europe (Spain). Only known from the holotype.
Notes -In ascospore colour T. asturiensis is similar to its close relative T. roseovirens, but differs from that species in the host fungus and plant, by oblong, often curved, distoseptate ascospores that contain a single guttule per cell and the absence of pycnidia. The host is a subiculum of black hyphae, possibly belonging to the associated Thyridaria rubronotata. Mature ascospores resemble those of Thyridium vestitum. No difference was seen between conidia examined after 6 and 14 d on MEA and on CMD. They are longer and wider than those of T. roseovirens. In phylogenetic analyses ( Fig. 1, 2) , T. asturiensis forms a highly supported clade with T. roseovirens and T. obscura, which is remarkable, as T. obscura is morphologically quite distinct (see below). Notes -This species has been only known from North and South America, but it also occurs in Europe as asexual morph: pycnidia purplish-to dark brown, densely aggregated in large numbers, forming a strongly tubercular to cerebriform structure; conidia ellipsoid to oblong, (2.5-)2. 8-3.2(-3.5 ) × (1.3-)1.4-1.6(-1.8) µm, l/w = (1.6-)1.8-2.2(-2.5) (n = 30).
Microscopic investigation of an isotype of Pleonectria denigrata from WU revealed the presence of numerous branched, 2-4 µm wide, apical paraphyses that are persistent in fully mature ascomata. Hypostromata erumpent-superficial, crustose to pulvinate, tubercular, yellow, dark reddish to black when dry, inside yellow, 0.2-0.6 mm thick; pale yellow in water, KOH and lactic acid, pseudoparenchymatous, of isodiametric to oblong cells (4.5 -) 6.5 -14.0(-18.5 up to 42 in round or elongated clusters 1.0 -2.5(-3.0) mm long (n = 12), 0. (-78 ) µm thick at the base, (47-)60 -79(-82) µm at the sides (n = 15), up to 100 µm around the ostiole, at the base often paler and thinner and poorly delimited from the hypostroma, consisting of up to four layers laterally, the hyaline thin inner layer consisting of strongly compressed, elongate cells, the outer layers of thick-walled (1.5-2.5 µm), compressed cells (6.8-) 7.0-14.8(-19.3 ) µm (n = 30) diam, tending to be more isodiametric outward, pigmented from outside red/yellow-orange/ rosy in 3 % KOH, the pigmented part in lactic acid and 50 % glycerol brightly yellow to orange. Asexual morph on the natural host -Pycnidia either associated with perithecia on a common hypostroma or separate, solitary or in small groups, subglobose to somewhat vertically elongated, often laterally compressed in groups, collapseddiscoid when old, dull orange-red to dark reddish brown, 0. 15 Cultures -On CMD conidiation sparse and mostly submerged in the agar, yellow pigment diffusing into the agar. On MEA colony radius 5 mm after 7 d at 20 °C; colony very dense, first whitish, turning yellow and finally orange by mucous, (rosy-)orange conidial masses, a yellow pigment diffusing into the agar. Conidiophores on the colony surface erect, white, (1.5 -)2.0 - 3.5(-4.3 ) µm wide, comprising straight hyphae with conidia formed on short pegs, phialides scattered along the axis or brush-like to fan-shaped, consisting of a main axis with 1-3 verticils each of 2 -5 steeply ascending 1-to few-celled side branches or phialides. Phialides solitary or in whorls of 2-3, lageniform to cylindrical, (5.3-) 7.0-10.0(-12. 2) × (1.5-)2.0-2.7(-3.2) µm, l/w = (2.1-)2.9-4.7(-6.0) (n = 46), often slightly curved, inequilateral or sigmoid, with a narrow collarette. Conidia formed holoblastically, solitary, oblong to cylindrical, (3.8-)4.5 -5.7(-6.5 ) × (1.2 -)1.4 -1.8(-2.0) µm, l/w = (2.4-)2. 7-3.7(-4.5 ) (n = 60), hyaline, 1-celled, straight or suballantoid, eguttulate or with few minute, often subterminal guttules, often mixed with pegs. Pycnidia observed on CMD after c. 1 mo at 15 °C subsequent to 1 wk pre-cultivation at 20 °C, forming a concentric ring on the agar surface, 0.1-0.5 mm diam, subglobose, first yellow, turning to violaceous to violaceous brown, KOH-or slightly more violaceous or purple in 3 % KOH; after 2 mo sterile; peridium a textura porrecta of short, thick-walled, pale orange, 2 -4.5(-5) µm wide hyphae. Pycnidia also formed on a plug of PDA stored for 8 mo at 15 °C and placed on MEA. Conidiophores fan-shaped, phialides and conidia as described above for the effuse conidiation.
Habitat Notes -Material from Crete, Pakistan and Spain is in perfect agreement with the holotype. Characteristic of T. caudata, which is otherwise similar to T. lamyi, are the long, narrowly clavate ascospores, superficial ascomata that are usually not enclosed by bark flaps and particularly by narrow ascoconidia that have a l/w ratio of (2.5 -) 3.0 -4.0(-5.0 ), similar to conidia of the asexual morph in nature and in culture, while ascoconidia of T. lamyi have a l/w ratio of (1.7-)2. 1-2.6(-2.9) . Thyronectria caudata is obviously drought-tolerant and in Europe confined to oromediterranean regions. The peridial colour of T. caudata is strongly pH-dependent, red to purple in KOH and bright yellow in lactic acid. The asexual morph of T. caudata on the natural host is virtually identical to that in culture, except for slightly narrower phialides and conidia. Thyronectria clavati spora, described from Ribes in North America (Hirooka et al. 2012 , as Pleonectria clavatispora), has also clavate ascospores, but these are distinctly wider than those of T. caudata; in addition T. clavatispora has red, collabent ascomata that resemble those of e.g. T. berolinensis or T. coryli. 27-33(-35.5 ) × (10-) 12-15(-17) µm, l/w = (1.6-)2.0-2.5(-3.2) (n = 58), first hyaline and oblong, turning yellowish and finally medium to reddish brown, often with an olivaceous tinge and oblong or ellipsoid, with 4 -9(-11) transverse and (1-)2-3 longitudinal, densely disposed eu-and distosepta, smooth.
Thyronectria chrysogramma
Distribution -North America, on Ulmus americana.
Notes -The above description is based on a study of the holo-and paratype. They represent the same fungus, but in the paratype many perithecia are solitary and scattered. This fungus is clearly a species of the genus Thyronectria, resembling, in its distoseptate ascospores, T. asturiensis or T. roseovirens. Thyronectria chrysogramma is obviously fungicolous like other species of Thyronectria, as some of the perithecial aggregates occur directly on an effete coelomycete (?Diplodia sp.). Superficially, stromata look much like those of T. rhodochlora or T. roseovirens. From the latter it differs mostly by ascospore size and septation and the absence of the green colour of immature ascospores, although nearly mature ascospores have some olivaceous tinge. For good additional descriptions see Rossman et al. (1999) as Thyronectroidea chrysogramma and Checa et al. (2013) Ascomata erumpent-superficial, usually densely aggregated in convex groups on a hypostroma, covered by yellowish green scurf when immature, globose and light red when fresh, covered by yellow-green scurf when young, collapsed cupulate and dark red when dry, usually glabrous when mature. Hamathecium of descending, branched and anastomosing apical paraphyses forming a reticulum, present among immature and mature asci, Notes -We provide a short description and illustration of T. coryli in addition to the detailed description by Hirooka et al. (2012) , because the greenish yellow scurf on perithecia has been rarely reported; in addition, we epitypify this species with material grown on its original host for which a culture and act, ITS-LSU, rpb1, rpb2, tef1 and tub sequences are available. In T. coryli the hamathecial threads between asci are clearly not basally attached, as they are easily removed in mounts from mature asci, more so than in other species we studied. In perithecia covered by greenish yellow scurf asci are usually immature. When collected late in the year, e.g. from the end of November in Austria, perithecia may occasionally be entirely yellow.
Thyronectria cucurbitula (Tode) Jaklitsch & Voglmayr, comb. nov. Ascomata superficial on hypostromata, usually surrounded by bark flaps, only rarely erumpent above bark, (200-)260-425 (-470) µm diam in surface view (n = 20), varying in colour from orange over red to brown, covered by greenish yellow scurf or not. Ostiole periphysate. Apical paraphyses numerous, apically attached, mostly 2-5 µm wide, hanging down, branched and anastomosing, forming a coarse-meshed reticulum, with free widened ends near ascus bases, without basal attachment. Asci clavate, (94-)108-143(-160) × (17-)18. 7-26.5(-30 ) µm, with croziers, thickened but otherwise undifferentiated apex, with 8 biseriate or obliquely uniseriate ascospores, usually packed with numerous ascoconidia when mature. Ascospores oblong or fusoid, (13.5-)18. 5-25.5(-30.0 ) × (4.8-) 5.5-7.2(-8.2 ) µm, l/w = (1.7-)2. 8-4.3(-5.4 ) (n = 60), muriform, with 5-9 transverse septa and 1(-2) longitudinal septum, variable, budding in the ascus to produce hyaline, thin-walled, suballantoid ascoconidia (3.0-) 3.3-4.2(-5.0 
Pycnidia on the natural host solitary or scattered on the inner bark in bark fissures, lacking a hypostroma or aggregated singly or in small numbers in direct association with perithecia on a common hypostroma, variable in shape, from discoid or lenticular and sometimes convoluted to subglobose or stipitateelongate to subcylindrical, 110-260 µm diam, orange-red, dark reddish-or purplish brown to nearly black, often disintegrating with orange cup-like bases remaining. Pycnidial interior with or without long, hyaline to pale yellowish or brownish, sterile, 2-4 µm wide, capillitium-like hyphae, densely packed, fasciculate conidiophores with cylindrical to subulate phialides and masses of oblong, straight or slightly curved, hyaline, smooth, 1-celled conidia, (3.4-) 3.7-4.3(-4.6 ) × (1.3-)1.4-1.6 µm, l/w = (2.2-)2.4-3.0(-3.3) (n = 30).
Cultures -Colony on CMD at 25 °C usually reaching a radius of only a few mm after one month, pale rosy conidial masses spreading from the centre; on PDA at 25 °C colony covering the laterally inoculated 90 mm diam plate entirely after 20-30 d, whitish to yellow, mucous rosy-orange conidial masses spreading from the centre. Conidia hyaline, rod-shaped, long cylindrical or fusoid.
Distribution -Asia, Europe, North America. Habitat -Common in Central Europe on Cucurbitaria berberidis on the naturally occurring Berberis vulgaris, in urban areas on many different planted species of Berberis, including B. aquifolium, B. candidula, B. gagnepainii and B. thunbergii. Notes -We include here a short description and illustration of T. lamyi in addition to the detailed description by Hirooka et al. (2012) , in order to facilitate comparison with T. caudata, to describe the apical paraphyses, to show some variation in the greenish yellow scurf on perithecia and pycnidia containing sterile hyphae. Sometimes apical paraphyses appear to be entrapped between ascus bases, but this may be only a consequence of mount preparation. The asexual morph in nature was found on the plant host Berberis vulgaris similar to that described by Hirooka et al. (2012) , i.e. irregularly discoid to lenticular pycnidia lacking sterile internal hyphae, particularly when occurring separately from the sexual morph. Pycnidia in WU 32141 from B. candidula, especially when formed in association with perithecia on the same hypostroma, are typically subglobose to cylindrical and are darker, dark reddish brown to nearly black. Such pycnidia contain sterile hyphae. We here select a well-developed specimen for which a culture and act, ITS-LSU, rpb1, rpb2, tef1 and tub sequences are available as epitype to ensure nomenclatural stability. For delimitation from T. caudata, see under notes to that species. Both T. lamyi and T. caudata at least partly share the same plant hosts but differ in their ecology, the former being mesophilic with wide distribution in the temperate zone, whereas the latter has mostly been found in dry oromediterranean areas. Jaklitsch & Voglmayr, sp. nov. -Myco- Bank MB808301; Fig. 11 Etymology. Referring to its dark colour.
Thyronectria obscura
Holotype. austrIa, Vienna, 3rd district, Botanical Garden, on dead twigs of Tamarix tetrandra attached to the tree, 1 Aug. 2013, H. Voglmayr (WU 32142 ; culture TT = CBS 136923).
Stromata completely immersed in linear groups or erumpent from inner bark, at the sides usually surrounded by bark flaps; tissue surrounding ascomata that are scattered or aggregated in clusters of 2 -21 individually or less commonly uniting them into compound pulvinate, 0.4 -1.2(-1.9) mm long (n = 42) and 0.2 -0.5(-0.7) mm high (n = 16) stromata; consisting of hyaline, pale yellow to pale brown, (1.5 -)2. 5 -5.8(-9.7 ) µm wide (n = 31) hyphae with walls up to 1.5 µm, on its surface covered by a layer of brown cells corresponding to outer peridial cells, on the upper surface also partly covered by usually scant, sometimes well-developed, dark yellow-green or brown scurf of yellowish brown amorphous matter and brown hyphae, turning entirely black in 3 % KOH; below the ascomata continuing as a loose to compact hyphal network into the bark. Ascomata globose, subglobose to flask-shaped, (200 -)225 -325(-400) µm diam (n = 17) in surface view, in vertical section (270-) 300 -410(-420) µm high, (200 -)250 -310(-347) µm diam (n = 14), surrounded by stromatic tissue, becoming glabrous with age, black. Peridium (34 -)40 -52(-57) µm wide at the base, (36-)42 -55(-60) µm at the sides (n = 14), thickened to c. 110 µm around the ostiole, consisting of a hyaline inner layer of thin-walled, strongly compressed, filiform cells and an outer layer of compressed cells (3.5-) 6.5-15(-21) µm diam (n = 40), in the upper part hyaline, yellowish, pale orange to brown in 3 % KOH, lactic acid and water, tending to be larger and more pigmented out-and upward. Outer pale brown cells with incrusted, up to nearly 2 µm thick walls, becoming loose in the upper part to form a cellular layer beyond the surrounding stroma. Ostiolar region (62 -)90 -170(-220) µm diam (n = 21), broad, black, flat or convex, non-papillate, with shiny centre. Ostioles (85 -)94 -120(-129) µm long, (44 -)54 -84(-103) µm wide inside at the apex (n = 14), filled with up to 2.5 µm wide periphyses sometimes continuing down beyond the ostiole on the inner wall surface. Apical paraphyses numerous, 1.5 -4.5(-8) µm wide, descending from the top as a reticulum, distinctly differentiated from the periphyses, branching-anastomosing, with ends widened to 8 µm between ascus bases. Asci clavate or oblong, (69-)75-99(-112) × (10.3-)11. 8-16.5(-18.2 ) µm (n = 18), containing 8 biseriate ascospores, with short stipe and undifferentiated apex. Ascospores fusiform, oblong, vermiform or clavate, (12.5 -) 17.0 -24.5(-28.5 ) × (3.5 -)4.0 - 5.2(-6.5) µm, l/w = (2.6-) 3.7-5.4(-6.9 ) (n = 61), hyaline, with 3-9(-10) transverse septa, with or without 1 longitudinal or oblique septum in 1-3 cells, straight or curved, smooth; all cells budding to produce cylindrical, hyaline, 1-celled, straight to slightly curved ascoconidia, (3.3-) 3.7-4.7(-5.0 ) × (1.0-) 1.3-1.7(-2.0 ) µm, l/w = (2.4-)2. 6-3.4(-4.1) (n = 50).
Asexual morph on the natural host -None seen.
Cultures and asexual morph -Colony on CMD and MEA colourless, on CMD remaining hyaline, on MEA turning pale yellowish to rosy from the centre due to conidial masses; odour unpleasant, sourly. Conidiation effuse, formation of conidia commencing after short growth on minute pegs on hyphae in the colony or even before a distinct colony is formed, or on solitary, rarely paired phialides on short, more or less erect, simple or loosely branched conidiophores. Phialides lageniform to ampulliform, (4.3-) 5.7-8.8(-11.5 ) × (2.5-) 3.0-3.5(-4.0) µm, l/w = (1.3-) 1.7-2.7(-3.4 ) (n = 67), straight to distinctly curved. Conidia (after 3 d on MEA at room temperature) oblong to suballantoid, (4.0-) 5.0-8.0(-11.0 ) × (1.1-) 1.7-3.2(-4.3) µm, l/w = (1.5-)2. 3-3.2(-4. 2) (n = 150).
Habitat -On dead twigs of Tamarix spp. Distribution -Europe (Austria).
Additional material examined. austrIa, Niederösterreich, Hagenbrunn, village entrance, on dead twigs of Tamarix parviflora attached to the tree, 18 Aug. 2013, W. Jaklitsch (WU 32143; culture TT1). Notes -This species is difficult to interpret as a nectriaceous fungus at first sight, as the perithecia may be entirely black. As in other species of the genus, the apical paraphyses are distinctly differentiated from the periphyses. The former are easily removed from the asci in microscopic mounts by pressure on the cover slip. Remarkably, the close phylogenetic relationship of T. obscura to T. asturiensis and T. roseovirens is highly supported (Fig. 1, 2) , despite their morphological differences. (Hirooka, Rossman & P. Chaverri) Jaklitsch & Voglmayr, comb. nov. -MycoBank MB808302 Basionym. Pleonectria okinawensis Hirooka, Rossman & P. Chaverri, Stud. Mycol. 71: 146. 2012. Thyronectria pinicola (Kirschst.) Jaklitsch & Voglmayr, comb. nov. -MycoBank MB808303
Thyronectria okinawensis
Basionym. Pleonectria pinicola Kirschst., Abh. Bot. Ver. Prov. Brandenburg 48: 59. 1906 . Material examined. austrIa, Steiermark, Klöch, Steinrieglwald, 9261/2, on Pinus sylvestris, 17 Sept. 1996 Thyronectria pseudomissouriensis (Hirooka, Rossman & P. Chaverri) Jaklitsch & Voglmayr, Basionym. Pleonectria pseudomissouriensis Hirooka, Rossman & P. Chaverri, Stud. Mycol. 71: 153. 2012. Thyronectria quercicola (Hirooka, Checa, Arenal & P. Chaverri) Jaklitsch & Voglmayr, comb. nov. - Stromata usually on black fungi immersed in bark, often only visible through fissures, typically surrounded by the epidermis of the plant host, less commonly superficial on wood; stromatic tissue thin, subhyaline to pale yellow, pseudoparenchymatous, of thick-walled (1-1.5 µm), rounded to angular cells, (3.8-) 4.5 -9.0(-16.0 ) µm diam (n = 30), variably containing some thick-walled, (2-) 3-6(-8) µm wide (n = 35) hyphae. Stromatic tissue below ascomata often mixed with subicular hyphae of the fungal host, surrounding ascomata that are scattered or densely aggregated in groups of 2-60 individually or uniting them into compact, pulvinate, more or less tubercular stromata, 0.3 -2.8(-6.5 ) mm long (n = 58), 0.3 -0.7(-0.8 ) mm high (n = 34); stroma sides often rosy to light honey-brown or surrounded by rosy spots or tufts; surface covered by bright yellow scurf, sometimes with a rosy tone, often becoming dull green to black due to spore deposits; in 3 % KOH without a distinct macroscopic colour change; scurf typically present in coarse flakes, consisting of minute granules, brown in KOH, golden yellow in lactic acid. Ascomata globose to flask-shaped or conical, perithecia mostly 0. 15 -20(-25.5 ) × (7.5-)9-11(-13) µm, l/w = (1.4-) 1.6-2.0(-2.3 ) (n = 150), muriform, with 3-5(-6) transverse and 1-2 longitudinal distosepta, first hyaline, turning green and finally pale to medium brown at maturity, sometimes with a sheath projecting to c. 3.5 µm at the ends, cells eguttulate or finely multiguttulate when alive; rarely more fusiform and pale brownish without a preceding green stage, smooth. Asexual morph on natural substrates -Either surrounding stromata partly as rosy margin, occurring separately in bark fissures or on the surface of the fungal host; first white mycelium formed, producing rosy to pale orange masses of convoluted hyaline hyphae, conidiophores to 6 µm wide and numerous conidia, or sometimes flat, compound, rosy or pale orange, 0.1-0.6 mm long pycnidia with variable outline, not changing colour in 3 % KOH; peridium pseudoparenchymatous, of pale yellowish, isodiametric to elongated cells (3.5 -)6-11(-15) (n = 40) with walls to 1 µm thick; interior whitish and rosy mottled, consisting of numerous short, parallel, simple, filiform conidiophores arranged in palisades, mostly 2 -4.5 µm wide. Conidia formed on short pegs and numerous phialides arranged solitarily or in whorls of 2-4. Phialides variable, lage niform to subulate or ampulliform, (4.2 -) 6.3 -9.2(-11.2 ) × (2.0 -)2.2 - 3.5(-4.2) µm, l/w = (1.4 -)2.0 - 3.7(-5.3 ) (n = 40), straight or curved, sometimes constricted in the middle. Conidia oblong, narrowly ellipsoid or allantoid, (2.8 -) 3.5 -5.0(-6.3 ) × (1.5 -) 1.7-2.2 (-2.8) µm, l/w = (1.8 -) 1.9 -2.6(-3. 2) (n = 40), 1-celled, hyaline, smooth, eguttulate. Sometimes sulphur yellow mycelium or perithecia developing directly on the asexual morph.
Cultures and asexual morph -Ascospores germinating to produce conidia and hyphae, colony on CMD reaching a radius of c. 18 mm after 3 wk (strain MA3), conidia produced in masses within 24 h, colony hyaline, turning yellowish, centre rosy due to conidial masses; on PDA growth slower than on CMD, colony bright yellow with rosy conidial masses; on MEA growth usually faster than on CMD, colony yellow, centre turning rosy and eventually bright orange as conidial masses develop and extend, odour yeast-like. Culture from conidia predominantly hyphal, conidia formed after 2-3 d, colony turning yellow, crystals formed in the agar. Asexual morph of strain MA on MEA after 4 -5 d at 25 °C: On CMD conidia formed on minute pegs along hyphae submerged in the agar. On MEA conidiophores formed on the agar surface, simple, acropleuro genous, sometimes densely aggregated and botryose, 2 -5 µm wide, mostly asymmetric, with few-celled branches or phialides typically only on one side. Phialides mostly solitary, lateral on main axes, mixed with small pegs, or terminal on branches, then solitary or in pairs, lageniform, (4.5 -) 6.5 -11.5(-16.5 ) × (2.0 -)2. 5 -3.2(-3.5) µm, l/w = (1.8 -)2.2 -4.0(-5.7) (n = 43), straight, hooked or sigmoid. Conidia oblong to allantoid, sometimes ellipsoid, (3.7-) 5.8 -9.0(-14.5 ) × (1.3 -)2.2 - 3.5(-5. 2) µm, l/w = (1.9-)2. 3-3.0(-3.7) (n = 86), hyaline, 1-celled, rarely with 1 or 2 non-constricted septa, smooth, eguttulate, scar indistinct.
Habitat Notes -Stromata of T. roseovirens are superficially similar to those of T. chrysogramma or other species, e.g., T. rhodochlora, but the scurf has a deep yellow tone. Sometimes they appear hypocrea-like (see Jaklitsch 2009 Jaklitsch , 2011 and are widely erumpent from bark. The apical paraphyses are numerous, and it is difficult to determine their points of attachment. A basal attachment could not be observed. In contrast to its close relative T. asturiensis, mature ascospores of T. roseovirens are generally medium brown and eguttulate or with many small guttules. Their distoseptation is evident in Checa et al. (2013: f. 5 ). These authors also pointed out that parts of the original material (see lectotype) was distributed to several other herbaria. The pycnidia in nature develop before the perithecia, which form directly on top with remnants of the asexual morph appearing as rosy margins of stromata. Notes -Ascospore colour is the same as in T. rhodochlora, i.e. ranging from hyaline over yellowish to rosy. Also the host is a Diplodia sp., as a perithecium was found directly on a pycnidium in the isolectotype (Fig. 5o) . French material differs from the isolectotype by larger ascospores ((19.0 -)19.8 -24.5(-26.7 ) × (7.5 -) 9.0 -11.3(-12.0 ) µm (n = 20) vs (14 -) 16.5 -20(-22 ) × (7.0-) 7.5-8.8(-9. 2) µm (n = 30)) with mostly two vertical septa approaching those of T. rhodochlora, but differ by multiguttulate cells, more oblong shape and rather indistinct septa. Fresh material from North America is thus necessary to find out, whether European material labelled T. virens (Hirooka et al. (2012) ) or T. cf. virens (this work) is conspecific with the American taxon or an undescribed species. See Fig. 5m -s for an illustration of the isolectotype (BPI 631193) of T. virens and Fig. 5t-w Note -This species is similar in many respects including ascospore colour to both T. rhodochlora and T. virens but has distinctly curved ascospores. See Fig. 5x -aa for an illustration of the type material.
Residual species in Thyronectria and Pleonectria
Some additional names in Thyronectria were dealt with by Seeler (1940) , which he recognised as synonyms of other fungi. Based on the description and in the absence of a useful type specimen, he regarded T. sambucina Ellis & Everh., Bull. Torrey Bot. Club 24, 10: 458 (1897) , as doubtful. Although he did not see the type specimen, he combined Pleonectria coffeicola Zimm., Zentbl. Bakt. ParasitKde, Abt. II 8: 183 (1902) in Thyronectria, a fungus that occurs on living leaves of Coffea in Java and is thus likely not a species of this genus. Seeler (1940) did not mention T. manihoticola Sousa da Câmara, Revista Agronomica 17, 2: 8 (extr.) (1929), described from Manihot in Portugal. Four additional species of Thyronectria were described later: T. hyperantarctica (D. Hawksw.) D. Hawksw. & Spooner, Kew Bull. 35, 3: 519 (1980) Rep. 7: 49 (1988) and T. odinae V. G. Rao & Varghese, Sydowia 32: 257 (1980) [1979] from India. No recent information about these species is available as well as for Pleonectria affinis Sacc., Bol. Soc. Brot., Coimbra, sér. 2 1: 139 (1922) , which was not mentioned by Hirooka et al. (2012) . Pleonectria affinis was described from an unidentified host in Africa and said to be similar to T. berolinensis.
Residual species in Mattirolia
The remaining three species placed in Mattirolia are M. maclurae M.T. Lucas & Sousa da Câmara, Agron. Lusit. 15, 2: 159 (1953) (Fig. 10p) . The centrum of the ascomata consists of 1-2 µm wide trabeculae with indistinct septa, and narrowly clavate, fissitunicate asci with short stipe, measuring 103-115 × 13-15 µm, with 8 uni-to partly biseriate ascospores. The ascospores are ellipsoid-oblong, dark brown, muriform, with 5-7 transverse and 1(-2) longitudinal septa, (16-)17-20 × (7.0-) 7.5-8.7(-9. 2) µm, l/w = 2.1-2.5(-2.7) (n = 20) (Fig.  10o) Rossman et al. (1999) . Checa et al. (2013) included this species in Mattirolia; however, we have insufficient data to determine its placement. Likewise, as illustrated by Checa et al. (2013) , perithecia of Mattirolia ohiensis lack yellow-green scurf and in the absence of molecular data its placement is unclear.
KEy To SPECIES oF THyRonECTRIA
(adapted from the Pleonectria key in Hirooka et al. 2012 ; conidia given below are mature conidia in the sense of these authors) dISCuSSIon Here we report a change in the phylogenetic placement of several fungi that until recently have been classified in the Thyridiaceae. We have been reluctant to accept the placement of Thyronectria and some other genera in the Thyridiaceae, because the genus Thyridium differs from nectriaceous fungi in the following fundamental traits: species of Thyridium s.str. (excluding Sinosphaeria J.Z. Yue & O.E. Erikss. and Bivonella (Sacc.) Sacc.) have a dark brown to black peridium, macroand microscopically, that never shows a pH-dependent colour reaction, they have true paraphyses, asci that become easily detached in microscopic mounts and have sometimes a ring in the ascal apex. Also the more or less yellow entostroma surrounding the perithecia is KOH-negative. Stromatic tissues of Sinosphaeria and Bivonella yield a yellow pigment in KOH and ethanol, it is therefore questionable, whether they are synonyms of Thyridium as advocated by Eriksson & Yue (1989) and accepted by Checa et al. (2013) . The yellow scurf of Thyronectria species also releases such pigment in 3 % KOH and to a lesser extent in ethanol. These morphological differences are also reflected by different phylogenetic positions, as Thyridium (Thyridiaceae) is a member of Sordariomycetidae (Spatafora et al. 2006 ), whereas Thyronectria is embedded within Nectriaceae (Hypocreomycetidae) (Fig. 1) .
Here we also re-instate the genus Thyronectria for Pleonectria as recently monographed by Hirooka et al. (2012) on sound molecular and morphological evidence. One of the central themes that form the basis of our conclusions was the recollection of Thyronectria roseovirens in the area of its original collection site. This species is the generic type of Mattirolia, which has been regarded to possess true paraphyses and was therefore placed in the Thyridiaceae. Using molecular data, we determined that this fungus belongs to a genus of the Nectriaceae (Hypocreales). This raised the question whether the persistent hamathecial threads characterising this species are true paraphyses as interpreted earlier (Rossman et al. 1999 , Checa et al. 2013 or apical paraphyses that originate at the top of the perithecium and continue down to the ascal bases. We found these threads in all other species we studied, but could not find any evidence that these threads may be attached to or originate in the subhymenium between asci, i.e. they seem to be in fact apical paraphyses. A study of immature perithecia of T. rhodochlora revealed that a hyaline apical cushion was present at the top of the perithecium, from which a 3-dimensional reticulum of anastomosing threads continues down to the base of the perithecium. In the Nectriaceae these threads are usually evanescent, but in at least a number of Thyronectria spp., and apparently also in Nectria himalayensis (Hirooka et al. 2012 : f. 36D, E), they are persistent until maturation of ascospores. These apical paraphyses can be often removed from the asci by pressure on the cover slip of microscopic mounts, but sometimes this is difficult. Sometimes threads remain and this is apparently because they may become entrapped between asci near their bases (see e.g. T. lamyi, Fig. 10i ). The stability of the apical paraphyses during development depends on the species, as sometimes septa may become strongly constricted and cells inflated.
As we have seen that the genus 'Pleonectria' contains long apical paraphyses that are clearly differentiated and much distinct from periphyses, the next question was which generic name should be applied. In this context Thyronectria clearly has priority. We had then to clarify the correct epithet of its type species. The type species of Thyronectria, T. patavina , is said to occur on Juglans regia in association with Thyridaria incrustans. After examination of thousands of branches and twigs of Juglans regia and J. nigra in several countries including Italy, also in Padua, in vain, we re-examined the type specimen of T. patavina in PAD. The equipment in the herbarium unfortunately did not allow us taking better images of the ascomata than that given in Fig. 3m . However, gross morphology as well as a section prepared in PAD, enabled us to make measurements in our lab and to produce illustrations of the apical paraphyses and asci with ascospores (see Fig. 4a , e, f, k, l). Only hyaline ascospores were present in the section, which are in accordance with those of fresh specimens and type material of 'Pleonectria' pyrrhochlora, but also with those of the type material of T. rhodochlora (see below).
In his original species description Saccardo (1875b) wrote that the perithecia are yellow-powdered outside, that the context is slightly reddening and that the ascospores are 25 × 9-11 µm, rarely 30 × 8 µm, first full of oil drops, later thinly and profusely 7-9-septate, muriform, hyaline. An ascospore size of 25 × 8 -11 µm is given by Saccardo (1877) on his illustration of the fungus. These data fully agree with T. rhodochlora.
Subsequently we studied two parts of the original collection of Thyronectria rhodochlora and found that it is clearly conspecific with T. patavina and T. pyrrhochlora and that it was collected on a species of Acer, not Alnus as originally stated. As T. rhodochlora is older than both T. patavina and T. pyrrhochlora, it is the correct name for the type species of Thyronectria. Thyronectria rhodochlora is, however, not specific for Acer campestre as stated previously (Hirooka et al. 2012) . The host of the T. patavina holotype specimen (PAD) is not Juglans, as noted above. A probable host of the type of T. patavina could be Populus sp. or Salix sp., the latter with somewhat higher probability, because 'Mattirolia' mutabilis, another synonym of T. rhodochlora, was collected on Salix caprea in France.
All these data given above and also the fact that we found T. rhodochlora close to the original collection area of T. patavina south from Padua in the Colli Euganei on Acer campestre and Robinia pseudoacacia, are sound and convincing evidence of conspecificity of T. patavina with T. rhodochlora. We therefore epitypify Thyronectria patavina with the same epitype specimen designated for Sphaeria rhodochlora to stabilize this connection also nomenclaturally.
Except for the muriform-spored Nectria antarctica and N. pseudo trichia and the recently added species characterised by didymo-or phragmospores, Seeler (1940) was essentially correct with his generic concept of Thyronectria and synonymies of genera, although the types of T. patavina and T. rhodochlora were not available to him. In essence, three species that he included, T. patavina, T. pyrrhochlora and T. rhodochlora, are here merged into one. At first sight it may be surprising that the Nectriaceae contain fungi that have green to distinctly brown ascospores, but already Seeler (1940) concluded that ascospore colour is insignificant on the generic level. Surprising is also that fungi that were thought to contain true paraphyses belong to a genus of the Nectriaceae. This can be explained by the difficulty to determine the origin and to find the ends of the hamathecial threads, i.e. their interpretation as true paraphyses was erroneous.
Morphologically, two groups of species are recognisable in Thyronectria: the first, which contains the majority of species, is characterised by superficial perithecia usually aggregated on a hypostroma, a strong pH-dependent colour reaction of the peridium in most species, and budding ascospores. In this group the yellow-green scurf is situated directly on the perithecial surface. It may be scant on mature perithecia, but this often varies within species e.g. depending on the host. Usually the scurf is more abundant on young perithecia, especially in those species where the perithecium collapses upon drying. Repeated drying and rehydration in nature apparently results in loss of the scurf particles because of mechanical stress. Apical paraphyses in this group are highly variable in abundance, can be generally easily removed from the asci in microscopic mounts, and they are often present as evanescent, sometimes submoniliform threads in mature perithecia. The species of this group we studied here, e.g. T. coryli, T. caudata and T. lamyi, all have such threads when asci are mature, i.e. when filled with ascoconidia ( Fig. 7s, 9m, 10i) .
The second group of species, contained within two highly supported clades at the base of Thyronectria (Fig. 1, 2) , have scattered or aggregated perithecia, each of which is surrounded by a stroma that continues into the substrate. Here the scurf is situated on the stroma, not the perithecium. To this group, recognised by Hirooka et al. (2012) as containing T. austroamericana, T. rhodochlora (as P. pyrrhochlora) , T. lonicerae, T. virens and T. zanthoxyli, we add T. asturiensis, T. obscura and T. roseovirens. Thyronectria chrysogramma belongs also here, although that species has not been sequenced. In this group the apical paraphyses are much more persistent than in the other, which is clearly shown by the fact that other workers (Rossman et al. 1999 , Checa et al. 2013 ) interpreted them as true paraphyses. Even in this group cells of the paraphyses may sometimes become inflated with age, as seen in some perithecia in T. rhodochlora.
As reported by Hirooka et al. (2012) , colour reactions to KOH may be obscured by the yellow scurf, but also by stromatic tissues encasing perithecia. Most species have some orange to red peridium a priori, which may result in a weak macroscopic colour reaction to KOH, thus there is a need to check for the colour reaction in lactic acid in which the peridium may turn bright yellow. This is best done on a slide using diluted lactic acid on dry perithecia or undiluted lactic acid after rehydration of the perithecia.
Earlier workers did not mention the fungicolous habit of the genus. That a species of a genus is not always specific for its preferred plant species or genus obviously depends on the host specificity of the respective fungal host. As we did not study all species of Thyronectria, we cannot confirm that all species are fungicolous, but it seems that the situation is similar to Trichoderma (syn. Hypocrea) in the Hypocreaceae, as usually various different fungi accompany ascomata of Thyronectria spp., but they often do not grow directly on macroscopically visible parts of fungi, which may mean that they can also attack hyphae of the host fungus.
Of the 26 species recognised by Hirooka et al. (2012) in Thyronectria (as Pleonectria) 19 are characterised by molecular data, i.e. many need recollection and sequencing, particularly those that were originally described from North America. For T. aurigera and T. virens only accessions are available in GenBank that were obtained from material collected in Europe (France). Hirooka et al. (2012) described seven new species in Thyronectria (as Pleonectria). We add three new species, provide DNA data for them and some additional species.
